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(54) CIRCUIT BOARD AND DETECTOR, AND METHOD FOR MANUFACTURING THE SAME 



(57) A cylindrical, electrical insulating region is 
formed in a circuit substrate made of a semiconductor 
substrate to continuously extend from the upper surface 
to the lower surface of the semiconductor substrate and 
be closed in a plane parallel to the surface of the semi- 
conductor substrate. The electrical insulating region is 
formed by an insulating region made of a heat-resistant 
insulating material. The insulating region is formed by 
forming a through hole or trench in the circuit substrate 
and forming an oxide film or nitride film on the wall sur- 



face of the hole or trench or filling it with an insulating 
material. When the trench is formed, the substrate is 
thinned by polishing or the like until the trench appears 
on the upper and lower surfaces of the substrate after 
the insulating region is formed. The region surrounded 
by the insulating region functions as an electrode when 
the conductivity of the region is increased by diffusing 
an impurity in it. 
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Description 



1. Technical Field 

[0001 ] The present invention relates to a circuit substrate, a detector using the circuit substrate, and a method of man- 
ufacturing the same and, more particularly, to a circuit substrate having electrodes exposed also on the lower surface 
side of the substrate. 

2. Background Art 



70 



[0002] Assume that a technique of connecting the electrodes formed on a semiconductor substrate to an external 
device by using bonding wires is applied to a detector having a detecting section formed on a substrate surface to detect 
the flow rate and velocity of a fluid (e.g., Japanese Patent Publication No. 6-25684). In this case, the wires disturb the 
flow of the fluid, adversely affecting measurement. In addition, the wires hinder a plurality of semiconductor substrates 
15 from being stacked into one semiconductor device. Furthermore, since the electrode extraction portions are exposed 
on the substrate surface, the electrode portions may undergo electrolytic corrosion. 

[0003] Conventionally, as techniques of connecting the electrodes formed on a semiconductor substrate to an exter- 
nal device without using any bonding wire, the following techniques are known: 

20 ® lower-surface electrode extraction technique (Japanese Patent Laid-Open No. 7-14874); 

© lower-surface electrode extraction technique using anisotropic etching technique; and . 
@ electrode extraction technique using deep etching technique. 

[0004] According to lower-surface electrode extraction technique (Japanese Patent Laid-Open No. 7-14874) Q), an 

25 electrode extraction structure is designed such that a through hole is formed in a semiconductor substrate, and a con- 
ductive layer (pad) connected to part of an internal circuit is formed in the hole to be exposed on the substrate surface. 
This hole is formed as follows. First, oxide films are formed on the upper and lower surfaces of the semiconductor sub- 
strate. Windows are then formed in the oxide films on the upper and lower surfaces. Silicon etching is performed from 
the upper and lower surface sides by using the oxide films as masks. 

30 [0005] In the structure of such an electrode extraction portion, each pad portion is exposed on both the upper and 
lower surfaces of the substrate. For this reason, when a semiconductor chip is to be mounted by wire bonding, the 
upper surface side of each pad portion can be used as an electrode extraction portion. When this process is to be per- 
formed by a bump method, the lower surface side of each pad portion can be used as an electrode extraction portion. 
[0006] In lower-surface electrode extraction technique ®, however, after a hole is formed, a metal is embedded in 

35 the hole to form a conductive layer. If this conductive layer is formed before other IC manufacturing processes, high- 
temperature processes cannot be performed because the metal of the conductive layer causes contamination. 
[0007] Assume that the substrate is not an insulator. In this case, to form a hole in the substrate after an IC manufac- 
turing process or the like, a conductive portion penetrating through the substrate must be isolated from the substrate 
itself by an insulator. If, for example, the substrate is made of silicon, the optimal insulator is a thermal oxide film. How- 

40 ever, high temperature is required for the growth process of this thermal oxide film. It is therefore difficult to form holes 
after the process of forming an IC or the like. 

[0008] In general, the interconnections on a substrate are located on insulating films such as oxide and nitride films. 
To cause a conductive layer penetrating through the substrate to come into contact with the interconnections, these 
oxide films must be selectively etched through deep holes. In this case, if both the insulating film used to insulate the 
45 substrate from a conductive portion and the insulating film having interconnections formed thereon are oxide films, it is 
very difficult to selectively etch these insulating films. 

[0009] According to the structure of a lower-surface electrode extraction portion based on technique using anisotropic 
etching @, as shown in Figs. 42A to 42D, since a semiconductor substrate 1 is etched by the anisotropic etching tech- 
nique, the area of an electrode extraction portion 10 on the lower surface is several times larger than the contact area 
so on the upper surface of the substrate. For this reason, when a small device or a device having many electrodes is to be 
manufactured, in particular, since the area of each electrode extraction portion on the lower surface becomes large, the 
device area becomes large. This technique is therefore not practical. 

[0010] In addition, in the structure of this electrode extraction portion, a metallized layer 12 may be formed from the 
lower surface side while a membrane 1 1 is left on the upper surface. In this case, if a process on the upper surface side 
55 is performed after metallizing and soldering processes (or other processes such as a plating process), the problem of 
contamination in a heating process or the like is posed. If metallizing is performed in the last step of the manufacturing 
process, it is very difficult to keep the membrane 1 1 intact in the preceding steps in the process. For this reason, a gen- 
eral process cannot be used, and hence this technique cannot be used in practice. Reference numeral 13 denotes a 
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solder; 14, a upper-surface electrode interconnection; and 15, a n protective film. 

[0011] According to the structure of an electrode extraction portion based on technique using deep etching ©, as 
shown in Figs. 43A to 43D, since a hole 1 6 having a substantially constant diameter can be formed in a semiconductor 
substrate 1 , the problem of a device size in anisotropic etching in Fig. 42D can be solved. However, the problems of 

5 contamination in a heating process and breakdown of a membrane 1 1 remain unsolved. In addition, this method must 
deal with the problempf how to form a contact window 17 in an insulating layer 3 without etching the wall of the hole. In 
general," a thermal oxide film 1 B is an optimal film to be formed on the wall of a hole. However; "the insulating layer 3 on 
the upper surface is often an oxide film. In this case, no problem is posed if the side surface of the hole can be covered 
with a resist in a photolithography process. It is, however, very difficult to apply photolithography to the almost vertical 

w wall of the hole having such a large aspect ratio. 

3. Disclosure of Invention 

[Problem to be Solved by the Invention] 

15 

[001 2] The present invention has been made to solve the above problems in prior art , and has its object to provide a 
circuit substrate and a detector in which electrodes are formed in the thickness direction of a substrate to allow connec- 
tion of the electrodes from the lower surface side of the substrate while the problems of contamination, breakdown of 
membranes, and the like are solved altogether. 

20 ' - - ' ■ - - - --. - ....... - - - - • 

[Means of Solution to the Problem] 

[0013] In order to achieve the above object, according to the present invention, there is provided a circuit substrate 
characterized by comprising an electrically insulating region which is formed on a semiconductor substrate, made of a 

25 heat-resistant insulating material, continuously extends from an upper surface to lower surface of the semiconductor 
substrate, and is closed in a plane parallel to the surface of the semiconductor substrate, wherein the electrical insulat- 
ing region separates the semiconductor substrate into first and second electrically insulated/isolated regions, the first 
region is surrounded by the electrically insulating region, the second region is located outside the electrically insulating 
region, and the first region has a high impurity concentration to have conductivity. 

30 [001 4] In addition, according to the present invention, there is provided a circuit substrate characterized by comprising 
an electrically insulating region which is formed on a semiconductor substrate of the same conductivity type with differ- 
ent impurity concentrations in a thickness direction, made of a heat-resistant insulating material, continuously extends 
from an upper surface to lower surface of the semiconductor substrate, and is closed in a plane parallel to the surface 
of the semiconductor substrate, wherein the electrical insulating region separates the semiconductor substrate into first 

35 and second electrically insulated/isolated regions, the first region is surrounded by the electrical insulating region, the 
second region is located outside the electrically insulating region, and the first region has a high impurity concentration 
to have conductivity. 

[001 5] In addition, according to the present invention, there is provided a circuit substrate manufacturing method char- 
acterized by comprising the steps of: forming, on a semiconductor substrate, an electrically insulating region which is 

40 made of a heat-resistant insulating material, continuously extends from an upper surface to a lower surface of the sem- 
iconductor substrate, and is closed in a plane parallel to the surface of the semiconductor substrate, and separating the 
semiconductor substrate into first and second electrically insulated/isolated regions, the first region being surrounded 
by the electrically insulating region and the second region being outside the electrical insulating region; and diffusing 
an impurity into the first region, of the semiconductor substrate, which is surrounded by the electrically insulating region 

45 to make the first region have conductivity. 

[Effect] 

[0016] As has been described above, according to the present invention, since the inside of a substrate having con- 
50 ductivity is separated into electrically insulated/isolated regions by a heat-resistant insulating material, a conductive 
region surrounded by the electrical insulating region can be used as an electrode. This electrode can be extracted from 
the lower surface side. Therefore, no wire bonding is required. 

[0017] Since each electrode is formed by impurity diffusion, no electrode material needs to be embedded in the sub- 
strate. In addition, the above electrode is formed before the formation of the membrane and the like. This solves the 
55 problems of contamination, breakdown of a membrane, and the like in the IC manufacturing process. 

[0018] In addition, according to the present invention, since the electrical insulating regions are formed on the semi- 
conductor substrate having different impurity concentration distributions in the thickness direction, a lower-surface 
extraction electrode can be formed by less impurity diffusion. Furthermore, an IC and the like can be formed on the side 
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of the substrate which has a lower impurity concentration. 
4. Brief Description of Drawings 
5 [0019] 

Fig. 1 is a perspective view of a detector using a circuit substrate' according to a first embodiment of the present 
invention; 

Fig. 2 is a plan view of the detector; 
Fig. 3 is a sectional view taken along a tine III - III in Fig. 2; 
Fig. 4 is an enlarged sectional view taken along a line IV - IV in Fig. 2; 

Figs. 5A to 10B are views for explaining a method of manufacturing a circuit substrate and electrode according to 
the first embodiment of the present invention (in which Figs. 5A, 6A, 7A, 8A, 9A, and 10A are plan views, and Figs. 
5B, 6B, 7B, 8B, 9B, and 10B are sectional views): 

Figs. 1 1 A to 15B are views for explaining a method of manufacturing a circuit substrate and electrode according to 
a second embodiment of the present invention (in which Figs. 11 A, 12A, 13A, 14A, and 15A are plan views, and 
Figs. 11B, 12B, 13B, 14B, and 15B are sectional views): 

Figs. 16A to 17B are views for explaining a method of manufacturing a circuit substrate and electrode according to 
a third embodiment of the present inventiorr (in which Figs. 16A and 17A are plan views, and Figs. 16B and 17B 
are sectional views): . . - • 

Fig. 18 is a sectional view showing a detector according to a fourth embodiment of the present invention; 
Figs. 19 and 20 are sectional views showing a detector according to a fifth embodiment of the present invention; 
Figs. 21 A to 27B are views for explaining a method of manufacturing a circuit substrate and electrode according to 
the fifth embodiment of the present invention (in which Figs. 21 A, 22A, 23A, 24A, 25A, 26A, and 27A are plan 
views, and Figs. 21 B, 22B, 23B, 24B, 25B, 26B, and 27B are sectional views): 

Figs. 28A and 28B are views for explaining a method of manufacturing a circuit substrate and electrode according 
to a sixth embodiment of the present invention (in which Fig. 28A is a plan view, and Fig. 28B is a sectional view): 
Figs. 29A and 29B are views for explaining a method of manufacturing a circuit substrate and electrode according 
to the sixth embodiment of the present invention (in which Fig. 29A is a plan view, and Fig. 29B is a sectional view): 
Fig. 30 is a sectional view showing a detector according to an eighth embodiment of the present invention; 
Figs. 31 A to 32B are plan views (Figs. 31 A and 32A) and sectional views (Figs. 31 B and 32B) showing a ninth 
embodiment of the present invention; 

Figs. 33 to 36 are views for explaining a method of manufacturing a circuit substrate and electrode according to a 
1 0th embodiment of the present invention; 

Figs. 37 to 41 are views for explaining a method of manufacturing a circuit substrate and electrode according to an 
1 1th embodiment of the present invention; 

Figs. 42A to 43D are views for explaining a conventional electrode manufacturing method; and 
Figs. 43A to 43D are views for explaining another conventional electrode manufacturing method. 

40 5. Best Mode of Carrying Out the Invention 

[0020] Embodiments of the present invention will be described in detail below with reference to the accompanying 
drawings. 

45 [First Embodiment] 

[0021] In the first embodiment, the present invention is applied to a flow rate detector (flow rate sensor). Fig. 1 is a 
perspective view of the detector (sensor) according to the first embodiment. Fig. 2 is a plan view of the sensor. Fig. 3 is 
a sectional view taken along a line III - III in Fig. 2. Fig. 4 is an enlarged sectional view taken along a line IV - IV in Fig. 2. 

so [0022] A flow rate sensor 20 detects the flow rate of a fluid from a change in resistivity with a change in fluid temper- 
ature. The flow rate sensor 20 has a detecting section formed on a circuit substrate 22, as shown in Fig. 2. 
[0023] The circuit substrate 22 is fixed/mounted on a mount board 6 with a silicone resin 21 and a solder 36. 
[0024] The mount board 6 is made of an insulating materiaLsuch as a ceramic material. A plurality of mount-board 
electrodes 23 are formed in the center of the mount board 6, on which the circuit substrate 22 is mounted, by a known 

55 screen printing technique. 

[0025] This circuit substrate 22 is made of an n-type silicon substrate material or a low-conductivity p-type silicon sub- 
strate material having an impurity concentration of 4 x 10 19 cm" 3 or less. 

[0026] The upper and lower surfaces of the circuit substrate 22 are covered with insulating layers 24 such as oxide or 
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nitride films. A membrane (diaphragm) 25 is formed in a central portion of the upper surface of the circuit substrate 22 
by etching from the upper surface side. A detecting section 27 for detecting the flow rate of a fluid 26 to be measured is 
formed at the center of the diaphragm 25 by a known thin film formation technique. 

[0027] The detecting section 27 includes temperature-measuring resistors 28A and 28B opposing each other through 
s a predetermined gap in the flowing direction of the fluid 26 and having resistivities which change with changes in tem- 
peratures, and a heater 29 placed between the temperature-measuring resistors 28A and 28B. A fluid temperature 
: : detecting resistor 30 for measuring the temperature of the fluid 26 isformed outside'the diaphragrfT25 bh the upstream 
side of the fluid 26. The two ends of each of the temperature-measuring resistors 28A and 28B, the heater 29, and the 
fluid temperature detecting resistor 30 are electrically connected to electrodes 31 formed in the circuit substrate 22 at 
w positions around the diaphragm 25 through thin metal contact films 32. The temperature-measuring resistors 28A and 
28B constitute a bridge circuit. 

[0028] Each electrode 31 extends from the upper surface to the lower surface of the circuit substrate 22 in the thick- 
ness direction of the substrate. The electrode 31 is surrounded by an electrically insulating region 33 to be electrically 
isolated from the substrate material outside the insulating region 33. This electrode 31 can be easily formed by diffusing 

75 an impurity into the region surrounded by the insulating region 33 to cause the region to have a higher impurity concen- 
tration than the region outside the insulating region 33 so as to have conductivity. As a diffusion source for diffusion, Al 
or the like is used. The above insulating region 33 is formed into a cylindrical shape by using a heat-resistant insulating 
material, e.g., a reaction product produced when a substrate material reacts, and more specifically, an oxide (Si0 2 ) or 
nitride (Si 3 N 4 ) of a substrate material, an SiN x -, Al 2 0 3 -, or Si-B-O-based glass material, or the like. The two ends of the 

20 insulating region 33 are exposed on the upper and lower surface of the substrate to completely.surround the,electrode 
31 to electrically insulate it from the substrate material outside the insulating region 33. 

[0029] Such an electrical insulating region 33 can be easily formed by forming a through hole or trench in the circuit 
substrate 22, forming, on the wall surface of the hold or trench, a reaction product (oxide or nitride film) produced when 
the substrate material reacts, or filling the hole or trench with a fine powder of SiN x -, AI 2 C>3-, or Si-B-O-based glass or 
25 the like and sintering it, as will be described later. 

[0030] Assume that a trench is formed. In this case, after the insulating region 33 is formed on the trench wall surface, 
the substrate may be thinned by polishing or the like to cause the trench to appear on the upper and lower surfaces of 
the substrate, thereby exposing the two ends of the insulating region 33 on the upper and lower surfaces of the sub- 
strate. 

30 [0031] An impurity is diffused into the region surrounded by the electrical insulating region, of the insulated/isolated 
region, to increase the conductivity. As a result, this region serves as the electrode 31. There is therefore no need to 
embed a metal material into the substrate to form an electrode. The electrode formed by the diffusion of the impurity is 
exposed on the upper and lower surfaces of the semiconductor substrate to allow electric connection from the lower 
surface side. 

35 [0032] The thin metal contact film 32 and a lower-surface electrode pad 35 are respectively connected to the two sur- 
faces of the electrode 31, i.e., the surfaces exposed on the upper and lower surfaces of the circuit substrate 22. The 
lower-surface electrode pad 35 is electrically and mechanically connected to the mount-board electrode 23 formed on 
the mount board 6 with a solder 36. The entire upper surface of the circuit substrate 22 is covered with a protective layer 
37 for preventing electrolytic corrosion of each electrode portion by improving its environment resistance. 

40 [0033] In the flow rate sensor 20 having the above structure, when the fluid 26 flows while the heater 29 is generating 
heat upon energization of the detecting section 27, the temperature-measuring resistor 28A located on the upstream 
side is cooled by the fluid 26. Meanwhile, the temperature-measuring resistor 28B located on the downstream side is 
heated when the fluid 26 heated by the heater 29 passes by. A temperature difference appears between the tempera- 
ture-measuring resistors 28A and 28B. This temperature difference is obtained as a change in resistance. By detecting 

45 this change in resistance, the flow velocity and rate of the fluid 26 can be obtained. The fluid temperature detecting 
resistor 30 is used to compensate for a change in the temperature of the circuit substrate 22 due to an ambient temper- 
ature. 

[0034] A method of manufacturing the above circuit substrate 22 and the electrodes 31 will be described next. 
[0035] Figs. 5A to 10B are plan and sectional views showing the first method of manufacturing the circuit substrates 
so and the electrodes. 

[0036] First of all, a semiconductor substrate thicker than the circuit substrate 22 is prepared as a starting substrate 
40. Prospective electrode formation portions of the starting substrate 40 are etched to form cylindrical trenches 41 . The 
starting substrate 40 preferably has a thickness enough to maintain sufficient mechanical strength upon formation of 
the trenches 41. The depth of each trench 41 is set to be slightly larger than the thickness of the finished circuit sub- 
55 strate 22. In addition, the trenches 41 need not be vertical. If, for example, a silicon substrate is used as a substrate 
material, substantially vertical trenches 41 can be formed, as shown in Fig. 5B, by using a low-temperature Si dry etch- 
ing apparatus or the like. In this case, since the aspect ratio of a cross-section of the trench 41 can be set to about 20 
: 1 , when a 500-um deep trench is to be formed, a trench having a width of at least 25 urn needs to be formed. 
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[0037) An insulating layer 42 made of Si0 2 is formed on the surface of the starting substrate 40 and the trench walls 
of the trenches 41 (Figs. 6A and 6B). If the substrate is made of Si, the insulating layer 42 is preferably formed by using 
an apparatus having the property of satisfactorily spreading a film on the entire surface of the substrate at a high film 
formation rate, e.g., a TEOS-CVD (Chemical Vapor Deposition) apparatus. This film need not be perfectly formed. Even 

5 if a space is left in a trench, no problem is posed as long as the finished electrode formation portion on the substrate 
has sufficient electrical insulating properties and sufficient mechanical strength. In the case of Si substrate, if a thermal 
• oxidationstepis performed before the trenches 41 is filled with the-insulating layer 42 by a TEOS-CVD apparatus brine*— 
like, an insulating film with good film quality can be formed. When the insulating layer 42 is embedded after this process, 
better electrical insulating regions can be obtained. 

w [0038] When an insulating film is to be formed by using Si-B-O-based glass as an insulating material, a fine Si-B-O- 
based glass fine powder 42' is deposited on the starting substrate 40 by an FHD (Flame Hydrolysis Deposition) method 
(see International Symposium on Power Semiconductor Devices "APPLICATION OF DIELECTRIC ISOLATION TECH- 
NOLOGY BASED ON SOOT BONDING" R. Swada, H. Nakada NTT Applied Electronics Laboratories), and sintered, 
thereby obtaining the insulating film, as indicated by the chain double-dashed line in Fig. 6B. In this sintering process, 

is the fine powder 42' (soot produced by hydrolyzing the fine powder 42* with flames) may be sprayed first on the surface 
of the starting substrate 40, and the resultant film may be sintered then. Assume that the fine powder 42' is not formed 
to be thick. In this case, when this film is sintered in the next annealing process, the deposit decreases in thickness. As 
a result, the trenches may not be satisfactorily filled with the film. For this reason, the fine glass power 42' is formed into 
a thick film, as indicated by the chain double-dashed line. The thickness of this film decreases after annealing, as indi- 

20 • cated by the solid-line in Fig. 6B.-For< example, theiShB-O-based-glass.material used in this case consists of-34 to 42-r- 
wt% of Si, 1 0 to 5 wt% of B, and 56 to 53 wt% of O. This material has a softening point of 1 ,400°C and 1 .6 and a linear 
expansion coefficient of 1 .6 to 2.3 x 10" 6 [IC 1 ]. 

[0039] If a silicon substrate and Si-B-O-based glass or the like having a small thermal expansion coefficient difference 
are used as a substrate material and an insulating material, respectively, thermal stress can be suppressed in the man- 
25 ufacturing process to prevent destruction of the substrate. This allows a process in a wider temperature range than the 
case in which an oxide or nitride film is used, thereby expanding the range of applications. 

[0040] As shown in Figs. 7A and 7B, the upper and lower surfaces of the starting substrate 40 are polished to obtain 
the circuit substrate 22 having the final thickness. With this process, the insulating layer 42 formed in the above process 
is removed from the upper surface of the substrate, and the lower end of each trench 41 is exposed on the upper sur- 
30 face side. As a result, the circuit substrate 22 is perfectly and electrically insulated and separated into two regions in the 
planar direction, i.e., a first region 22A surrounded by the insulating layer 42 in the trench 41 and a second region 22B 
outside the insulating layer 42. This circuit substrate 22 is made up of the substrate material and the insulating layer 42 
as an oxide film of the substrate material, and hence contains no metal or the like which tends to become a cause of 
contamination. 

35 [0041 ] The conductivity of the first region 22A surrounded by the insulating layer 42 is increased to form an electrode. 
This electrode formation process is performed by diffusion of an impurity. In this diffusion process, as shown in Figs. 8A 
and 8B, insulating layers 45, each made of an oxide film, are formed on the upper and lower surfaces of the circuit sub- 
strate 22 to mask the substrate. A portion, of the insulating layer 45, which covers the first region 22A is removed to 
form a diffusion window 46. Diffusion films 47 as diffusion sources are then formed on the upper and lower surfaces of 

40 the circuit substrate 22. For example, these diffusion films 47 are made of Al. The diffusion films 47 are annealed to dif- 
fuse the impurity into the first region 22A. As a result, the impurity concentration of the first region 22A becomes higher 
than that of the second region 22B. In other words, the conductivity of the first region 22A increases, and the region 
serves as an electrode. 

[0042] Figs. 9A and 9B show a state in which the electrode 31 is formed by impurity diffusion. In this case, solids are 
45 used as diffusion sources for diffusion. Obviously, however, the present invention is not limited to this, and diffusion may 
be performed by using a vapor or liquid phase. 

[0043] Finally, the unnecessary diffusion films 47 are removed from the upper and lower surfaces of the circuit sub- 
strate 22 by polishing or the like to finish the electrode 31 (Figs. 10A and 10B). 

[0044] A sensor is formed as follows. The insulating layers 24 (see Fig. 4) are formed on the upper and lower surfaces 
50 of the substrate. Thereafter, the temperature-measuring resistors 28A and 28B, the heater 29, the fluid temperature 
detecting resistor 30, the thin metal contact film 32, and the lower-surface electrode pad 35, and the like, which consti- 
tute the detecting section 27, are formed on the insulating layer 24. These components are then covered with the pro- 
tective layer 37. The resultant structure is etched from the upper surface side to form the diaphragm 25, thus finishing 
the flow rate sensor 20. 

55 [0045] According to the flow rate sensor of this embodiment, when a detector section is formed on the above circuit 
substrate and used as a flow rate detector, since electrodes can be connected from the lower surface side, the upper 
surface can be made flat. This prevents turbulent fluid flow, thus allowing stable, high-precision measurement. 
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[Second Embodiment] 
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[0046] A circuit substrate according to another embodiment of the present invention will be described next. 
[0047] Figs. 1 1 A and 1 1 B are plan and sectional views showing a semiconductor substrate and an electrode accord- 
ing to another embodiment. 

j0f^8L Jnjhis embodiment, a plurality .layers ; 42, eaqh fta^ing ajsmajl cylindrical. shag^ are Jtoriedjo sep-.. 

Vrate la circuit substrate 22 into three electrically insulated/fsolated regions in the planar direction, i.e., a first region 22A 
surrounded by the overall insulating layers 42, a second region 22B located outside the overall insulating layers 42, and 
a plurality of third regions 22C surrounded by the insulating layers 42. An impurity is diffused into only the first region 
22A to form an electrode 31 . Each insulating layer 42 is made of an oxide film of the circuit substrate 22. An insulator 
is embedded into the third region 22C surrounded by the insulating layers 42. The insulating layers 42 and the insulator 
(third region 22C) surrounded by each insulating layer 42 form an electrical insulating region of the circuit substrate 
according to this embodiment. Note that the second region 22B is made of the substrate material without diffusion of 
any impurity. 

[0049] Figs. 12A to 19B are views for explaining a method of manufacturing the circuit substrate shown in Figs. 1 1 A 
and11B. 

[0050] First of all, the circuit substrate 22 having the final thickness is prepared. A plurality of small through holes 50 
are concentrically formed in the circuit substrate 22 at small angular intervals (Figs. 12A and 12B). The holes 50 can 
be formed by using a low-temperature Si dry etching apparatus or the like in the same manner as the formationof the 

trenBfi^4t^ -• j —'™ vr ------ T '^-- * i; • 

[0051 ] Substrate material portions 51 between the respective adjacent holes 50 constitute a support portion for sup- 
porting the first region 22A serving as an electrode. The space between the adjacent holes 50 must be set to be smaller 
than the space by which the substrate material can be separated into the three electrically insulated/isolated regions, 
as shown in Figs. 1 1 A and 1 1 B, i.e., the first region 22A, the second region 22B, and the third region 22C, when the 
circuit substrate 22 is oxidized to grow oxide films afterward. More specifically, this space is set to 1 0 urn or less. In addi- 
tion, each hole 50 is not limited to a round shape. Each hole can have any shape as long as the respective holes are 
mechanically connected to each other through only narrow portions each having a size of 10 ^m or less. 
[0052] The circuit substrate 22 is then thermally oxidized to form the insulating layers 42, each made of a thermal 
oxide film, on the upper and lower surfaces of the substrate and the inner wall of each hole 50 (Figs. 13A and 13B). This 
insulating layer 42 is continuous on the substrate material portion 51 between the adjacent holes 50. Each hole 50 is 
then filled with an insulator 52 (see Figs. 14A and 14B). With this process, the circuit substrate 22 is separated into 
three electrically insulated/isolated regions, i.e., the first region 22A, the second region 22B, and the third region 22C. 
The insulating layers 42 covering the upper and lower surfaces of the circuit substrate 22 are removed by polishing or 
the like. In this case, the insulating layers 42 are formed of the thermal oxide films. However, the present invention is not 
limited to this. A nitride film formed by nitriding reaction or the like may be used as an insulating film. 
[0053] As shown in Figs. 14A and 14B, the upper and lower surfaces of the circuit substrate 22 are covered with a 
masking material 53, and a portion, of the masking material 53, which corresponds to the first region 22A is removed 
to form a diffusion window 46. Thereafter, diffusion films 47 serving as diffusion sources are formed on the entire upper 
and lower surfaces of the circuit substrate 22. The impurity in the diffusion films 47 is diffused into the first region 22A 
by annealing. As a result, the impurity concentration of the first region 22A becomes higher than that of the second 
region 22B. 

[0054] After this process, the unnecessary diffusion films 47 are removed from the upper and lower surfaces of the 
circuit substrate 22 to expose the first region 22A, into which the impurity has been diffused, on the upper and lower 
surfaces of the circuit substrate 22, as shown in Fig. 15B. As a result, the first region 22A serves as an electrode, and 
can be extracted from the lower surface side of the substrate. 



[Third Embodiment] 

[0055] Figs. 16A and 16B are plan and sectional views showing a circuit substrate according to a third embodiment 
so of the present invention. 

[0056] In this embodiment, a circuit substrate 22 is separated into three electrically insulated/isolated regions in the 
planar direction by an insulating layer 62 constituted by two cylindrical portions 61 A and 61 B which are concentrically 
formed and have different diameters and a connecting portion 61 C for connecting the cylindrical portions 61 A and 61 B. 
The three regions are a first region 22A surrounded by the inner cylindrical portion 61 A, a second region 22B located 
55 outside the outer cylindrical portion 61 B, and a third region 22C surrounded by the two cylindrical portions 61 A and 61 B. 
The conductivity of only the first region 22A is increased by diffusing an impurity to make the region serve as an elec- 
trode. The third region 22C surrounded by the first and second cylindrical portions 61 A and 61 B is filled with an insulator 
52. 
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[0057] The insulating layer 62 may be formed as follows. As shown in Figs. 17A and 17B, a C-shaped annular hole 
63 is formed as a through hole in the circuit substrate 22 such that a portion of the circumferential surface is 
notched/opened. The insulating layer 62 is then formed on the wall of the annular hole 63. The width of a notched open- 
ing 63a (connecting portion 61 C) of the annular hole 63 is set to be smaller than the space by which the substrate mate- 

5 rial can be separated into the first region 22A, the second region 22B, and the third region 22C which are perfectly and 

electrically insulated and isolated from eachpther.^as in the case of the space 51 between the adjacent holes 50 in Figs. w . ^, Mffl .. li . _ 

* T2A and : i2BrWith this arrangement, the insulating layer 62 and this insulator 52 (third region 22C) form an electrical 
insulating region of the circuit substrate of this embodiment. 

[0058] The step of filling the third region 22C with an insulator, the step of forming the first region 22A into an elec- 
io trode, and the like are the same as those in the above embodiment. 

[Fourth Embodiment] 
* 

[0059] Fig. 18 is a sectional view showing a sensor according to a fourth embodiment of the present invention. 

15 [0060] This embodiment differs from the above embodiment in that a substrate material having high conductivity is 
used for a circuit substrate 60 in place of the semiconductor substrate having low conductivity. As the substrate mate- 
rial, a silicon substrate having high conductivity is used. Electrical insulating regions 33 which continuously extend from 
the upper surface to the lower surface of the substrate and are closed in the planar direction are formed to separate the 
circuit substrate 60 into a plurality of conductive regions electrically insulated from each other in the planar direction. 
r 20 —Each'condudive region surrcur^ contact film 32 - — ^ = 

and a lower-surface electrode pad 35 are respectively connected to the upper and lower surfaces of the electrode 31. 
The insulating region 33 is made of a heat-resistant insulating material such as Al 2 0 3 , Si0 2 , or SiN x . This insulating 
region 33 may be formed by forming a trench in the circuit substrate 60 and filling the trench with an insulating material 
for the insulating region 33 as in the above embodiment. After the insulating region 33 is formed, the circuit substrate 

25 60 is thinned by polishing or the like such that the trench appears on the upper and lower surfaces of the circuit sub- 
strate 60, thereby exposing the two ends of the insulating region 33 on the upper and lower surfaces of the substrate. 
The thin metal contact film 32 and the lower-surface electrode pad 35 are respectively mounted on the upper and lower 
surfaces of the region surrounded by the insulating region 33, i.e., the electrode 31. The upper and lower surfaces of a 
substrate portion outside the insulating region 33 are covered with insulating layers 24, and the entire upper surface of 

30 the substrate is covered with a protective layer 37. In this case, no diaphragm is formed. 

[0061] With this arrangement as well, the electrodes 31 can be easily formed and can also be extracted from the lower 
surface side of the circuit substrate 60 as in the above embodiment 

[Fifth Embodiment] 

35 

[0062] A fifth embodiment of the present invention will be described next. 

[0063] Since a sensor according to this embodiment has the same outer appearance as that of the flow rate sensor 
in Fig. 2, a description of the arrangement of the sensor will be omitted. 

[0064] Fig. 19 is a sectional view taken along a line III - HI in Fig. 2. Fig. 20 is an enlarged sectional view taken along 
40 a line IV - IV in Fig. 2. 

[0065] Each electrode 3 1 is formed to continuously extend from the upper surface to the lower surface of the substrate 
in the thickness direction of a circuit substrate 22. The electrode 31 is surrounded by insulating layers 42 as an electrical 
insulating region to be electrically insulated and isolated from the substrate material outside the insulating layers 42. 
This electrode 31 can be easily formed by diffusing an impurity into the region surrounded by the insulating layers 42. 
45 With this diffusion of the impurity, the impurity concentration of the region becomes higher than that of the outer region 
surrounding the insulating layers 42. As a result, this region has conductivity. As a diffusion source for diffusion, Al or 
the like is used. 

[0066] This embodiment differs from the above .embodiments in the structure of an insulating isolation region for insu- 
lating/isolating the electrode 31 . 
50 [0067] More specifically, the insulating layers 42 forming an electrically insulating region sandwich a polysilicon layer 
43 to form a laminated structure. 

[0068] In this case, when an oxide film is to be formed to form an insulating region in the silicon substrate, a film for- 
mation method such as TEOS-CVD (Chemical-Vapor Deposition) with a high film formation rate can be used. Assume 
that the film formation rate is about 0.3 tim/min and the width of an opening portion is about 30 urn. In this case, theo- 
55 retically, the opening portion can be filled with the film in about 50 min. In this case, however, the thermal expansion 
coefficient of silicon is about 3 ppm/C, and the thermal expansion coefficient of the oxide film is about 0.3 ppm, which 
is 1/10 the thermal expansion coefficient of silicon. This large thermal expansion coefficient mismatch produces stress 
on the electrode portion when the wafer undergoes a high-temperature process, and may destroy the substrate in the 
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worst case. 

[0069] Assume that a nitride film is to be formed in the silicon substrate. In this case, the thermal expansion coefficient 
of the nitride film is relatively close to the thermal expansion coefficient of silicon. In general, however, no nitride silicon 
film formation means having a high film formation rate has been established, and hence it takes much time to fill a 
trench having an opening portion having a size of about 20 to 30 jim, which is required in the present invention. 
[0070] . .In this embodiment, since the insulating layers 42 forming an electrical insulating region sandwich the gplysil^ ^ ^ . . . . 
~icon layer 43~to have a laminated stmcturer^ expansion coefficient of the substrate 

material and that of the insulating region is very small, both matching of the electrical insulating properties and that of 
the thermal expansion coefficients can be attained at the same time. Since the difference between the thermal expan- 
sion coefficient of the circuit substrate 22 and that of the insulating region decreases, less thermal stress is produced 
in the manufacturing process. This prevents warpage, destruction, and the like of the substrate due to thermal stress in 
a high-temperature process. In addition, this allows for processing in a wider temperature range than the case in which 
an oxide or nitride film is used, thereby expanding the range of applications. 

[0071] In this embodiment, the above insulating layer 42 is formed into a cylindrical shape by using a heat-resistant 
insulating material, e.g., a reaction product produced when a substrate material reacts, and more specifically, an oxide 
(Si0 2 ) or nitride (Si 3 N 4 ) of a substrate material, an SiN x -, Al 2 0 3 -, or Si-B-O-based glass material, or the like. The two 
ends of the insulating layer 42 are exposed on the upper and lower surfaces of the substrate to completely surround the 
electrode 31 to electrically insulate it from the substrate material outside the insulating layer 42. 
[0072] As will be described later, this insulating layer 42 can be easily formed by forming a through hole or trench in 
-thecircuit substrate 22;-forming^an oxide*or™tnde4ilm-on the wafcand-formingthe polysilicx)n'layer^43'on'the-wa!lr^^--- •-• ^^«rs^*^ 
[0073] When a trench is to be formed, it suffices if an electrical insulating region having a laminated structure in which 
the polysilicon layer 43 is sandwiched between the insulating layers 42 formed on the wall of the trench is formed, and 
the substrate is thinned by polishing or the like to make the trench appear on the upper and lower surfaces of the sub- 
strate so as to expose the two ends of each insulating layer 42 on the upper and lower surfaces of the substrate. 
[0074] The thin metal contact film 32 and the lower-surface electrode pad 35 are respectively connected to the upper 
and lower surfaces of the electrode 31, i.e., the surfaces exposed on the upper and lower surfaces of the circuit sub- 
strate 22. The lower-surface electrode pad 35 is electrically and mechanically connected to the mount-board electrodes 
23, which is formed on the mount board 6, with a solder 36. The entire upper surface of the circuit substrate 22 is cov- 
ered with a protective layer 37 for preventing electrolytic corrosion of each electrode portion by improving its environ- 
ment resistance. 

[0075] When the ratio of the sum of the thicknesses of the insulating layers 42 to the thickness of the polysilicon layer 
43 was set to 0.2 or less, the present inventor found that the inconvenience due to thermal stress could be eliminated, 
as indicated by Table 1 below. 



Table 1 



Sum of Thicknesses of . 
Insulating Layers/thick- 
ness of Polysilicon Layer 


Warpage of 5-inch Silicon Substrate 


0.2 or less 


Every substrate had a warpage of 100 urn or less 


more than 0.2 


Some substrates had warpage of 100 \irr\ or more 



[0076] A method of manufacturing the above circuit substrate 22 and each electrode 31 will be described in detail 
next. 

[0077] Figs. 21 A to 27B are plan and sectional views showing the first method of manufacturing the circuit substrates 
and the electrodes. 

[0078] First of all, a semiconductor substrate thicker than the circuit substrate 22 is prepared as a starting substrate 
40. Prospective electrode formation portions of the starting substrate 40 are etched to form cylindrical trenches 41 . The 
starting substrate 40 preferably has a thickness enough to maintain sufficient mechanical strength upon formation of 
the trenches 41. The depth of each trench 41 is set to be slightly larger than the thickness of the finished circuit sub- 
strate 22. In-addition, the trenches 41 need not be vertical. Since a monocrystalline silicon substrate is used as a sub- 
strate material, substantially vertical trenches 41 can be formed, as shown in Fig. 21 B, by using a low-temperature Si 
dry etching apparatus or the like. In this case, since the aspect ratio of a cross-section of the trench 41 can be set to 
about 20 : 1 , when a 500-^im deep trench is to be formed, a trench having a width of at least 25 jim must be formed. 
[0079] An insulating layer 42 made of Si0 2 is formed on the surface of the starting substrate 40 and the trench walls 
of the trenches 41 (Figs. 22A and 22B). The insulating layer 42 can be formed by using an apparatus having the prop- 
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erty of satisfactorily spreading a film on the entire surface of the substrate at a high film formation rate, e.g., a TEOS- 
CVD (Chemical Vapor Deposition) apparatus. If the substrate is made of Si, an insulating film having better film quality 
can be formed by performing a thermal oxidation process instead of forming the insulating layer 42 on the wall of each 
trench 41 . As this insulating film, an oxide film formed by low-pressure CVD may be used. 
5 [0080] A polysilicon layer 43 is formed on the wall of the trench 41 , surrounded by the insulating layer 42, by a low- 
— . v . . pressure CVD apparatus (Figs. 23 A and23B). The polysilicon layer 43 may be formed as follows. The starting substrate^?^-^. . 
40 on which the insulatirigTlayer~42 is formed is placed in"a reaction gas containing Si and kept in an evacuated state. 
An Si crystal is then grown on the substrate surface by using a chemical reaction. The crystal grown in this case is poly- 
crystalline. 

70 [0081 ] As shown in Figs. 24A and 24B, the upper and lower surfaces of the starting substrate 40 are polished to obtain 
the circuit substrate 22 having the final thickness. With this process, the insulating layer 42 formed in the above process 
is removed from the upper surface of the substrate, and the lower end of each trench 41 is exposed on the upper sur- 
face side. As a result, the circuit substrate 22 is perfectly and electrically insulated and separated into two regions in the 
planar direction, i.e., a first region 22A surrounded by the insulating layer 42 in the trench 41 and a second region 22B 

is outside the insulating layer 42. This circuit substrate 22 is made up of the substrate material and the insulating layer 42 
as an oxide film of the substrate material, and hence contains no metal or the like which would tend to become a cause 
of contamination. 

[0082] The conductivity of the first region 22A surrounded by the insulating layer 42 is increased to form an electrode. 
This electrode formation process is performed by diffusion of an impurity. In this diffusion process, as shown in Figs. 
25A"and^25Brinsalating layers _ 45, each madeof anmlde^ilm r areMormed ! brvthe upper>and lower surfece^of the'circuir™^^^"* 
substrate 22 to mask the substrate. A portion, of the insulating layer 45, which covers the first region 22A is removed to 
form a diffusion window 46. Diffusion films 47 as diffusion sources are then formed on the upper and lower surfaces of 
the circuit substrate 22. For example, these diffusion films 47 are made of Al. The diffusion films 47 are annealed to dif- 
fuse the impurity into the first region 22A. As a result, the impurity concentration of the first region 22 A becomes higher 
25 than that of the second region 22B. In other words, the conductivity of the first region 22A increases, and the region 
serves as an electrode. 

[0083] Figs. 26A and 26B show a state in which the electrode 31 is formed by impurity diffusion. In this case, solids 
are used as diffusion sources for diffusion. Obviously, however, the present invention is not limited to this, and diffusion 
may be performed by using a vapor or liquid phase. 

30 [0084] The unnecessary diffusion films 47 are then removed from the upper and lower surfaces of the circuit substrate 
22 by polishing or the like to finish the electrode 31 (Figs. 27A and 27B). The insulating layers 24 {see Fig. 20) are 
formed on the upper and lower surfaces of the substrate. Thereafter, temperature-measuring resistors 28A and 28B, a 
heater 29, a fluid temperature detecting resistor 30, a thin metal contact film 32, a lower-surface electrode pad 35, and 
the like, which constitute the detecting section 27, are formed on the insulating layers 24. These components are then 

35 covered with the protective layer 37. The resultant structure is etched from the upper surface side to form a diaphragm 
25, thus finishing a flow rate sensor 20. 

[Sixth Embodiment] 

40 [0085] Fig. 28A is a plan view showing a semiconductor substrate and an electrode according to a sixth embodiment 
of the present invention. Fig. 28B is a sectional view of the semiconductor substrate. 

[0086] In this embodiment, a circuit substrate 22 is separated into two electrically insulated and isolated regions in 
the planar direction by a plurality of insulating layers 42 each having a small cylindrical shape. More specifically, the two 
regions are a first region 22A surrounded by the plurality of insulating layers 42 and a second region 22B outside the 

45 insulating layers 42. Only the first region 22A is formed into an electrode 31 by diffusing an impurity. The insulating lay- 
ers 42 surround a polysilicon layer 43 to form a laminated structure as in the above embodiment. 
[0087] The electrode 31 is manufactured as follows. First of all. the circuit substrate 22 having the final thickness is 
prepared. A plurality of small through holes 50 are concentrically formed in the circuit substrate 22 at small angular 
intervals. The holes 50 can be formed by using a low-temperature Si dry etching apparatus or the like in the same man- 

so ner as the formation of the trenches 41 in the above embodiment. Substrate material portions 51 between the respec- 
tive adjacent holes 50 constitute a support portion for supporting the first region 22A serving as an electrode. The space 
between the adjacent holes 50 must be set to be smaller than the space by which the substrate material can be sepa- 
- rated into the first and second electrically insulated/isolated regions 22A and 22B when the circuit substrate 22 is qxi*— w 
dized to grow oxide films afterward. More specifically, this space is set to 1 0 urn or less. In addition, the holes 50 are not 

55 limited to a round shape. Each hole can have any shape as long as the respective holes are mechanically connected 
to each other through only narrow portions each having a size of 10 \im or less. 

[0088] The circuit substrate 22 is then thermally oxidized to form the insulating layers 42, each made of a thermal 
oxide film, on the upper and lower surfaces of the substrate and the inner wall of each hole 50. This insulating layer 42 



10 



EP 0 974 817 A1 



is continuous on the substrate material portion 51 between the adjacent holes 50. The polysilicon layers 43 are formed 
on the walls of the holes 50 by a low-pressure CVD apparatus to cover the insulating layers 42. The polysilicon layers 
43 in the respective holes 50 are independent of each other. 

[0089] Diffusion films as diffusion sources are formed on the entire upper and lower surfaces of the circuit substrate 
5 22. The impurity is diffused into the first region 22A by annealing. As a result, the impurity concentration of the first 
region 22A becomes hlgher.than that the second region 22B. . _.^ f ^,^.- r . . . , 

[0090] After this process, the unnecessary diffusion films are removedfrom the upper and lower surfaces of the circuit 
substrate 22 to expose the first region 22A, into which the impurity has been diffused, on the upper and lower surfaces 
of the circuit substrate 22, as shown in Figs. 28A and 28B. As a result, the first region 22A serves as an electrode, and 
10 can be extracted from the lower surface side of the substrate. 



[Seventh Embodiment] 

[0091 ] Fig. 29A is a plan view showing a circuit substrate and an electrode according to a seventh embodiment of the 
15 present invention. Fig. 29B is a sectional view. 

[0092] In this embodiment, a circuit substrate 22 is separated into two electrically insulated/isolated regions in the pla- 
nar direction by an insulating layer 62 constituted by two cylindrical portions 61 A and 61 B which are concentrically 
formed and have different diameters and a connecting portion 61 C for connecting the cylindrical portions 61 A and 61 B. 
More specifically, the circuit substrate 22 is separated into a first region 22A surrounded by the outer cylindrical portion 
61 B and^s^nd'fegi'dn 22B'casideiK^Wei^r!dricahportion 6*1 B,4herebyfcrffiihg an electrode ^3rr"-T^eHnsat^ngr ,J 
layer 62 is sandwiched between polysilicon layers 43 to form a laminated structure. 

[0093] The insulating layer 62 and the electrode 31 are formed in the same manner as in the above embodiment. In 
the manufacturing process, a C-shaped annular hole is formed as a through hole in the circuit substrate 22 such that a 
portion of the circumferential surface is notched/opened. The insulating layer 62 may be then formed on the wall of the 
25 annular hole, and the polysilicon layer 43 may be formed in the trench. The width of a notched opening of the annular 
hole is set to be smaller than the space by which the substrate material can be separated into the first and second elec- 
trically insulated/isolated regions 22A and 22B, as in the case of the substrate material portion 51 between the adjacent 
holes 50 in Figs. 28A and 28B. 

30 [Eighth Embodiment] 

[0094] Fig. 30 is a sectional view showing a detector according to an eighth embodiment of the present invention. 
[0095] This embodiment differs from the above embodiment in that a high-conductivity substrate material in which 
boron, phosphorus, or the like is diffused in advance is used for a circuit substrate 60 instead of a low-conductivity sem- 

35 iconductor substrate. As the substrate material, a silicon substrate having high conductivity is used. Insulating layers 42 
as electrical insulating regions which continuously extend from the upper surface to the lower surface of the substrate 
and are closed in the planar direction are formed to separate the circuit substrate 60 into a plurality of conductive 
regions electrically insulated and isolated from each other in the planar direction. Each conductive region surrounded 
by the insulating layers 33 serves as an electrode 31 . A thin metal contact film 32 and a lower-surface electrode pad 35 

40 are respectively connected to the upper and lower surfaces of the electrode 31 . The insulating layers 33 are made of a 
heat-resistant insulating material such as Al 2 0 3 , Si0 2 , or SiN x and sandwich a polysilicon layer 43 to form a laminated 
structure. The insulating layers 42 may be formed by forming a trench in the circuit substrate 60 as in the above embod- 
iment and coating the trench with an insulating material. The polysilicon film 43 is then formed. After the insulating lay- 
ers 42 are formed, the circuit substrate 60 is thinned by polishing or the like such that the trench appears on the upper 

45 and lower surfaces of the circuit substrate 60, thereby exposing the two ends of each insulating layer 42 on the upper 
and lower surfaces of the substrate. The thin metal contact film 32 and the lower-surface electrode pad 35 are respec- 
tively mounted on the upper and lower surfaces of the region surrounded by the insulating layers 42, i.e., the electrode 
31 . The upper and lower surfaces of a substrate portion outside the insulating layers 42 are covered with insulating lay- 
ers 24, and the entire, upper surface of the substrate is covered with a protective layer 37. In this case, no diaphragm 

so is formed. 

[0096] With this arrangement as well, the electrodes 31 can be easily formed and can also be extracted from the lower 
surface side of the circuit substrate 60 as in the above embodiment. 

[0097] In this embodiment, since the electrode 31 is formed before the diaphragm is-forrned, problems such as 
destruction of a membrane can be prevented. 
55 [0098] In each embodiment described above, the present invention is applied to the detector for detecting the flow 
rate of a fluid. However, the present invention is not limited to this, and can be applied to various types of detectors. 
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[Ninth Embodiment] 

[0099] In some of the embodiments described above, the electrical insulating region that separates the substrate into 
the first insulated/isolated region forming the lower-surface electrode and the second insulated/isolated region is 
5 formed by embedding an insulator such as glass in the substrate. A ninth embodiment of the present invention to be 
desaibedbelow has an impurity diffusion suppression film between an insulator such as glass that forms an electrical 
-insulating region and the first arid'second region of a substrate. This impurity diffusion' suppression film includes an 
oxide film including a thermal oxide film, or a nitride film. 

[0100] The circuit substrate manufacturing method according to the ninth embodiment of the present invention will be 

10 described with reference to Figs. 31 A to 32B by exemplifying the method of forming a trench in a starting substrate 
made of monocrystalline silicon and forming an electrical insulating layer by embedding glass in the trench. 
[01 01 ] First of all, a semiconductor substrate 40 made of monocrystalline silicon thicker than a circuit substrate is pre- 
pared as a starting substrate 40. A cylindrical trench 41 is formed by etching a prospective insulating region formation 
portion on the surface of the starting substrate 40, as shown in Figs. 31 A and 31 B. The substantially vertical trench 41 

is can be formed by using a low-temperature Si dry etching apparatus, as shown in Fig. 31 B. In this case, the starting sub- 
strate 40 preferably has a thickness enough to maintain sufficient mechanical strength upon formation of the trench 41 . 
The depth of the trench 41 is set to be slightly larger than the thickness of a finished circuit substrate 22. 
[0102] An impurity diffusion suppression film 71 made of Si0 2 is formed on the upper surface of the starting substrate 
40 and the wall of the trench 41 (Fig. 31 B). An apparatus having the property of satisfactorily spreading a film at a high 
,>-20 Wilm Jormationirate,^:g:?^uIEQ^ used tolorm this impurity^^* 1 " 155 ^ 

diffusion suppression film 71. In addition, since the monocrystalline silicon is used for the substrate, an insulating film 
having better film quality can be formed by performing a thermal oxidation step. As this impurity diffusion suppression 
film 71 , an oxide film or nitride film formed by low-pressure CVD may be used instead of the thermal oxide film. 
[0103] Subsequently, as indicated by the chain double-dashed line in Fig. 32B, a fine Si-B-O-based glass fine powder 

25 42* is deposited on the starting substrate 40 by the FHD method and sintered to form an insulating layer 42 serving as 
an electrical insulating region. In this sintering process, soot produced by hydrolyzing the fine powder 42* with flames is 
sprayed first on the surface of the starting substrate 40, and the resultant film is then sintered. For example, the Si-B- 
O-based glass material consists of 34 to 42 wt% of Si, 10 to 5 wt% of B, and 56 to 53 wt% of O. This material has a 
softening point of 1 ,400°C and a linear expansion coefficient of 1 .6 to 2.3 x 10' 5 [K* 1 ]. 

30 [0104] In forming the fine powder 42' into a film, if the film has not sufficient thickness, the trench may not be satisfac- 
torily filled with the film because the deposit decreases in thickness in the next annealing process. For this reason, the 
fine glass power 42* is formed into a thick film, as indicated by the chain double-dashed line. Then, the film has the thick- 
ness indicated by the solid line in Fig. 6B after annealing. 

[0105] After the Si-B-O-based glass is embedded in this manner, the upper and lower surfaces of the starting sub- 
35 strate 40 are polished to obtain the circuit substrate 22 having the final thickness. With this process, the impurity diffu- 
sion suppression film 71 and the insulating layer 42 formed in the above process are removed from the upper surface 
of the substrate, and the lower end of the trench 41 is exposed on the lower surface side. As a result, the circuit sub- 
strate 22 is perfectly and electrically insulated and separated into two regions in the planar direction, i.e.. a first region 
22A surrounded by the insulating layer 42 in the trench 41 and a second region 22B located outside the insulating layer 
40 42. 

[0106] An impurity is diffused into only the first region 22 A surrounded by the insulating layer 42 to increase the con- 
ductivity and form the region into an electrode. Since this electrode formation process is the same as in the remaining 
embodiments describe above, a description thereof will be omitted. 

[0107] Since the circuit substrate 22 according to this embodiment has the impurity diffusion suppression film 71 
45 formed between the insulating layer 42 made of glass or the like and the starting substrate 40, diffusion of the impurity 
from the insulating layer 42 into the substrate can be suppressed. Since the impurity diffusion suppression film 71 is 
formed on the inner wall of the trench 41 and the upper surface of the starting substrate 40 before the insulating layer 
42 is formed, in particular, even if the substrate is subjected to a high-temperature annealing process in forming the 
insulating layer 42, diffusion of the impurity contained in the above glass into the substrate can be suppressed. Assume 
so that the insulating layer 42 is formed by using Si-B-O-based glass, as described above. Even in this case, since the dif- 
fusion rate of B (boron) in the silicon oxide film is very low, even if annealing is performed at 1,200°C for a few hours, 
diffusion of the impurity can be suppressed as long as an oxide film having a thickness of about 100 nm is formed as 
an impurity diffusion suppression film. <■ 

[0108] Suppression of impurity diffusion from glass as an insulating material in this manner can solve, for example, 
55 the problems that the impurity diffused in the silicon substrate causes an excessive decrease in anisotropic etching rate, 
and an IC cannot be formed because of high impurity concentration in the substrate. 
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[10th Embodiment] 

[0109] A circuit substrate using having different impurity concentrations in the thickness direction of the circuit sub- 
strate will be described next as a 10th embodiment of the present invention with reference to Figs. 33 to 36. 
5 [01 10] In this embodiment, a silicon epitaxial wafer is used as a starting substrate. 

. [0111] As shown in Fig. 33, a silicon epitaxial wafer 80 is formed by. growing^an epitaxial layer 80a on an epitaxial ™„~ . 
"substrate 80b. * ~ ~ — 

[01 12] In this case, the impurity concentration of the epitaxial wafer 80 changes in the thickness direction. The resis- 
tivity of the epitaxial layer 80a is 1 Hem, whereas the resistivity of the epitaxial substrate 80b is 0.002 Qcm, which is 

w lower than that of the epitaxial layer 80a. 

[01 13] In this embodiment, the conductivity type of the epitaxial layer 80a is the same as that of the epitaxial substrate 
80b. Assume that they differ in their conductivity types. In this case, a PN junction is formed on the junction surface 
between the epitaxial layer 80a and the epitaxial substrate 80b. As a result, when a lower-surface extraction electrode 
is formed, as will be described later, ohmic contact or electric connection cannot be obtained. 

is [0114] In this embodiment as well, a lower-surface electrode is formed as follows. As in the embodiment described 
above (first embodiment), a trench 41 is formed in the epitaxial wafer 80 from the epitaxial layer 80a side by etching 
(Fig. 33), and an insulating layer 42 is embedded in the trench 41 by a TEOS-CVD apparatus or the like (Fig. 34). 
Thereafter, the epitaxial wafer 80 is polished from the epitaxial substrate 80b side to expose the two ends of the insu- 
lating layer 42 on the upper and lower surfaces of the epitaxial wafer 80, thereby forming a first insulated/isolated region 
:t^^25^801^suirounded by*theMnstrtating Iayen42 and a seconds nsulated/isolated'regto^^ 

layer 42 (Fig. 35). The first region 801 surrounded by the insulating layer 42 can be used as a lower-surface extraction 
electrode. 

[01 1 5] In this case, the epitaxial layer 80a and the epitaxial substrate 80b respectively have thicknesses of 5 jim and 
500 urn. 

25 [0116] As a result, when the first region 801 on the upper surface of the epitaxial wafer 80 has an area of 0.01 mm 2 
(corresponding to an area 0.1 by 0.1 mm square), the lower-surface extraction electrode made of the first region 801 
has a resistance of 1 n in the epitaxial layer 80a and a resistance of 5 fi in the epitaxial substrate 80b, i.e.. a total resist- 
ance of 6 Q 

[0117] This embodiment uses the method of forming the insulating layer 42 serving as an insulating region by forming 
30 the trench 41 . Instead of using this method, however, the embodiment may use the method of forming a plurality of insu- 
lating layers in small cylindrical shapes as in the second embodiment, or the method of forming an insulating layer by 
concentrically forming two cylindrical portions having different diameters as in the third embodiment. 
[0118] In addition, as is obvious from the description of the fifth to seventh embodiments, the insulating layer 42 that 
forms the electrical insulating regions may have a laminated structure in which a polysilicon layer 43 is sandwiched. 
35 [01 1 9] Fig. 36 is a view showing a case wherein an insulating layer 81 and an interconnection pattern 82 are formed 
on the upper surface of the circuit substrate according to this embodiment, and an electrode pad 83 is formed on the 
lower surface. The interconnection pattern 82 is electrically connected to the electrode pad 83 through the lower-sur- 
face extraction electrode (first region 801). 

[01 20] By using an epitaxial wafer having an epitaxial substrate with such a low resistivity, the resistance of the lower- 
40 surface extraction electrode can be suppressed low. Therefore, the problems of an increase in cost and contamination, 
which arise when an impurity is diffused into the first region 801 in the thickness direction at a high concentration, can 
be prevented. 

[01 21 ] Although the substrate formed to have conductivity by forming the overall substrate using a substrate material 
having a low resistivity can solve the problem of the resistance of the lower-surface extraction electrode, no IC can be 

45 formed on the substrate. The circuit substrate according to this embodiment, however, allows a circuit such as an IC to 
be formed on the epitaxial layer 80a having a relatively high resistance on the upper surface of the epitaxial wafer. 
[0122] The resistance of the lower-surface extraction electrode may be decreased by decreasing the thickness of the 
epitaxial layer 80a. Obviously, however, an impurity may be diffused into the first region 801 from the epitaxial layer 80a 
side. In this case, it suffices if an impurity having the same conductivity type is diffused into only the thin epitaxial layer 

so 80a. For this reason, the time required for impurity diffusion is much shorter than that required to diffuse an impurity 
deep in the thickness direction of the substrate, and hence an increase in cost can be suppressed. 
[0123] A conductivity type can be selected for the epitaxial layer 80a by diffusing an impurity into the epitaxial layer 
•80a*oUhe first region 801 . In this case, since the epitaxial layer 80a can be made to have the same conductivity type 
as that of the epitaxial substrate 80b by impurity diffusion, the epitaxial layer 80a and the epitaxial substrate 80b con- 

55 stituting the epitaxial wafer 80 need not always have the same conductivity type. That is, the present invention can be 
applied to a substrate having a PN junction in the thickness direction. This extends the range of choices of substrates. 
If a circuit substrate according to the present invention is formed from a substrate having such a PN junction, the electric 
field etching stop technique, which is used to form a diaphragm such as a pressure sensor, can be applied. 
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[11th Embodiment] 

[0124] A circuit substrate using an SOI (Silicon On Insulator) wafer will be described next as an 11th embodiment of 

the present invention with reference to Figs. 37 to 41 . 
5 [0125] As shown in Fig. 37, an SOI wafer 90 used in this embodiment is made up of two semiconductor layers, i.e., 

an SOI base wafer 90a and an SOI active layer. 90c, : and an oxide layer 90b formed between the twO;Semiconductor 

layers. In thiscase, the SOI base wafer ^0a has a high impurity concentration. Note that the SOI base wafer 90a and 

the SOI active layer 90c may have the same conductivity type or opposite conductivity types. 

[0126] In this embodiment, first of all, trench etching of the silicon is performed from the SOI base wafer 90a side by 
w using a silicon deep etcher to form a trench 41 that continuously extends from the upper surface of the SOI base wafer 

90a to the lower surface of the oxide layer 90b and is closed in a plane parallel to the surface of the SOI substrate (Fig. 

37). In this case, since the selectivity in etching the silicon and the oxide film is as high as 200 : 1, the above trench 

etching for the formation of the trench 41 can be stopped at the oxide layer 90b. 

[0127] Subsequently, an insulating layer 42 is embedded in the trench 41 by using a TEOS-CVD apparatus or the like 
is to form an insulating region (Fig. 38). As a result, the SOI base wafer 90a is separated into first insulated/isolated region 
90a1 surrounded by the insulating layer 42 and a second insulated/isolated region 90a2 located outside the insulating 
layer 42. As will be described later, the first region 90a1 surrounded by the insulating layer 42 is used as a lower-surface 
extraction electrode. 

[0128] The insulating layer 42 formed on the SOI base wafer 90a is then removed by polishing the SOI base wafer 
90aDf the SOl' wafer 90.^s<aTesult^heMnsulating^ 41 is^xposed-on the^upper^surface- ^ 

of the SOI base wafer 90a (Fig. 39). 

[0129] A necessary IC is formed in the SOI active layer 90c of the SOI wafer 90 after this process (Fig. 40). 

[01 30] Before the final interconnection pattern is formed, a contact hole is formed in the SOI active layer 90c and the 

oxide layer 90b in correspondence with the first region 90a1 (lower-surface extraction electrode) surrounded by the 

25 insulating layer 42 forming the insulating region. In the process of forming this contact hole, a predetermined place of 
the SOI active layer 90c is etched by anisotropic etching or the like to expose the oxide layer 90b. A portion of the oxide 
layer 90b which corresponds to the lower-surface extraction electrode is selectively removed by wet or dry etching. 
Thereafter, insulating layers 91 are formed on the upper and lower surfaces of the SOI wafer 90, and a contact hole is 
formed. Finally, as shown in Fig. 41 , an electrode pad 92 is formed in the contact hole located on the SOI base wafer 

30 90a side of the SOI wafer 90, and an interconnection pattern 93 is formed on the SOI active layer 90c side, thereby 
obtaining a circuit substrate using the SOI wafer 90 having the lower-surface extraction electrode. 
[0131] If the mechanical strength of the SOI active layer 90c is not sufficient in performing trench etching on the SOI 
base wafer 90a. an SOI wafer having the SOI active layer 90c whose thickness is larger than that required finally may 
be used. After filling the trench 41 with the insulating layer 42 such as glass, the SOI active layer may be polished to 

35 adjust its thickness. By polishing the surface of the SOI active layer 90c in this manner, high cleanliness can be ensured 
for the surface in which an IC is to be formed. 

[01 32] The insulating layer 42 as the electrical insulating region may be formed by using the method of forming a plu- 
rality of insulating layers in small cylindrical shapes or the method of forming an insulating layer by concentrically form- 
ing two cylindrical portions having different diameters, as in the second or third embodiment described above. 

40 [0133] As is obvious from the description of the fifth to seventh embodiments, the insulating layer 42 that forms the 
electrical insulating regions may have a laminated structure in which a polysilicon layer 43 is sandwiched. 
[0134] According to the circuit substrate of this embodiment, since the oxide layer 90b is present between the SOI 
base wafer 90a having a high impurity concentration and the SOI active layer 90c having a low impurity concentration, 
diffusion of an impurity between the two layers in annealing for the substrate can be prevented. 

45 [0135] In addition, if the resistivity of the SOI active layer 90c is increased, an IC can be formed in this layer. 

[0136] Furthermore, since no impurity needs to be diffused into the first region 90a1 serving as the lower-surface 
extraction electrode, no impurity diffusion step is required. Therefore, reductions in the number of manufacturing steps 
and cost can be attained. 

so Claims 

1 . A circuit substrate characterized by comprising an electrical insulating region which is formed on a semiconduc- 
tor substrate, made of a heat-resistant insulating material, continuously extends from an upper surface toJower sur- 
face of said semiconductor substrate, and is closed in a plane parallel to the surface of said semiconductor 
55 substrate, 

wherein said electrical insulating region separates said semiconductor substrate into first and second electrically 
insulated/isolated regions, said first region is surrounded by said electrical insulating region, and said second 
region is located outside said electrical insulating region, and 
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said first region has a high impurity concentration to have conductivity. 

2. A circuit substrate characterized by comprising an electrical insulating region which is formed on a semiconduc- 
tor substrate having conductivity, made of a heat-resistant insulating material, continuously extends from an upper 
surface to lower surface of said semiconductor substrate, and is closed in a plane parallel to the surface of said 
s semiconductor substrate. 

wherein_said electrjpal insulating region separates said semiconductor, substrate into first and second electrically ^ 
insulated/isolated regions, said first region is surrounded by said electrical insulating region, and said second 
region is located outside said electrical insulating region, and 
said second region has upper and lower surfaces covered with insulating films. 
10 3. A circuit substrate according to claim 2, characterized in that said substrate is a silicon substrate, and 
the insulating material for said electrical insulating region is glass. 

4. A curcuit substrate according to claim 3, characterized in that the glass is Si-B-O-based glass. 

5. A circuit substrate according to claim 3, characterized in that an impurity diffusion suppression film is formed 
between said silicon substrate and said electrical insulating region. 

is 6. A circuit substrate comprising characterized by comprising an electrical insulating region which is formed on a 
semiconductor substrate of the same conductivity type with different impurity concentrations in a thickness direc- 
tion, made of a heat-resistant insulating material, continuously extends from an upper surface to lower surface of 
said semiconductor substrate, and is closed in a plane parallel to the surface of said semiconductor substrate, 
wherein said electrical insulating region separates said semiconductor substrate into first and second electrically 
^or^^3^ surrolJ^ded£by^saiGheJectric^l>insu!^ting^regionrar1d , said-second ~s- ^k^^^'-^^^.^s*^ 

region is located outside said electrical insulating region, and 
said first region has a high impurity concentration to have conductivity. 

7. A circuit substrate characterized by comprising a semiconductor substrate of the same conductivity type with dif- 
ferent impurity concentrations in a thickness direction, said semiconductor substrate having a low-impurity-concen- 

25 tration region having a low impurity concentration and located near an upper surface of said semiconductor 
substrate and a high-impurity-concentration region having the same conductivity type as that of said low-impurity- 
concentration region, having a higher impurity concentration, and located near a lower surface of said semiconduc- 
tor substrate, and said semiconductor substrate having said high-impurity-concentration region having a thickness 
larger than that of said high-impurity-concentration region being provided with an electrical insulating region which 

30 is made of a heat-resistant insulating material, continuously extends from the upper surface to lower surface of said 
semiconductor substrate, and is closed in a plane parallel to the surface of said semiconductor substrate, 
wherein said semiconductor substrate is separated into first and second electrically insulated/isolated regions by 
said electrical insulating region, said first region being surrounded by said electrical insulating region, said second 
region being located outside said electrical insulating region. 

35 8. A circuit substrate according to claim 7, characterized in that the impurity of the same conductivity type is dif- 
fused into a low-impurity-concentration region of said first region of said semiconductor substrate. 
9. A circuit substrate according to claim 7, characterized in that said semiconductor substrate is a silicon substrate, 
and 

the insulating material for said electrical insulating region is a reaction product of silicon. 
40 10. A circuit substrate according to claim 7, characterized in that said semiconductor substrate is a silicon sub-, 
strate, and 

the insulating material for said electrical insulating region is glass. 

1 1 . A circuit substrate according to claim 1 0, characterized in that the insulating material for said electrical insulat- 
ing region is Si-B-O-based glass. 
45 1 2. A circuit substrate according to claim 1 0, characterized in that an impurity diffusion suppression film is formed 
between said semiconductor substrate and said electrical insulating region. 

1 3. A circuit substrate according to claim 7, characterized in that said semiconductor substrate is a monocrystalline 
silicon substrate, and 

said semiconductor substrate, said electrical insulating region separating said substrate into first and second elec- 
50 trically insulated/isolated regions, said first region being surrounded by said electrical insulating region and said 
second region being located outside said electrical insulating region, and 

said oxide layer and the other semiconductor layer having a contact hole in correspondence with said first region 
of said one semiconductor layer. 

18. A detector characterized by comprising a detecting section on said circuit substrate defined by claim 1 . 
55 1 9. A detector characterized by comprising a detecting section on said circuit substrate defined by claim 2. 

20. A detector characterized by comprising a detecting section on said circuit substrate defined by claim 3. 

21 . A detector characterized by comprising a detecting section on said circuit substrate defined by claim 4. 

22. A detector characterized by comprising a detecting section on said circuit substrate defined by claim 5. 
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23. A circuit substrate manufacturing method characterized by comprising the steps of: 

forming, on a semiconductor substrate, an electrical insulating region which is made of a heat-resistant insu- 
lating material, continuously extends from an upper surface to a lower surface of said semiconductor substrate, 
and is closed in a plane parallel to the surface of said semiconductor substrate, and separating said semicon- 
ductor substrate into first and secqnjlejedricatly insulated/isolated regions, said first region being surrounded , 
by said electrical insulating regionand said second region being outside said electrical insulating region; and 
diffusing an impurity into said first region, of said semiconductor substrate, which is surrounded by said elec- 
trical insulating region to make said first region have conductivity. 

24. A circuit substrate manufacturing method according to claim 23, characterized in that the step of separating 
said semiconductor substrate comprises the steps of; 

forming a trench in the surface of said semiconductor substrate such that the trench is closed in a plane parallel 
15 to the surface of said semiconductor substrate; 

forming an electrical insulating region by filling the trench with an insulating material; and 
polishing the lower surface of said semiconductor substrate up to the trench, and separating said semiconduc- 
tor substrate into first and second electrically insulated/isolated regions, said first region being surrounded by 
said electrical insulating region, and said second region being outside said electrical insulating region. 

25. A circuit substrate manufacturing method according to claim 23, characterized in that the step of separating 
said semiconductor substrate comprises the steps of: 

forming a through hole in said semiconductor substrate, and separating said semiconductor substrate into a 
25 first region surrounded by the through hole and a second region outside the through hole; and 

forming an electrical insulating region for electrically insulating and isolating said first and second regions by 
filling the through hole with an insulating material. 

26. A circuit substrate manufacturing method according to claim 23, characterized in that a silicon substrate is used 
30 as said semiconductor substrate, and glass is used as the heat-resistant insulating material. 

27. A circuit substrate manufacturing method according to claim 23, characterized in that a silicon substrate is used 
as said semiconductor substrate, 

the step of separating said semiconductor substrate into said insulated/isolated regions comprises the steps 

35 of: 

forming a trench in the upper surface of said semiconductor substrate, the trench being closed in a plane par- 
allel to the surface of said semiconductor substrate; 

forming an impurity diffusion suppression film made of a silicon oxide film or nitride film on the upper surface 
of said semiconductor substrate including a side wall of the trench; 
40 forming an electrical insulating region by embedding glass in the trench whose side wall is covered with the 

impurity diffusion suppression film; and 

polishing said semiconductor substrate from at least the lower surface up to the trench, and separating said 
semiconductor substrate into first and second electrically insulated/isolated regions, said first region being sur- 
rounded by said electrical insulating region and said second region being outside said electrical insulating 
45 region. 

28. A circuit substrate manufacturing method according to claim 24, characterized in that a silicon substrate is used 
as said semiconductor substrate, and 

so the step of forming said electrical insulating region comprises the steps of: 

forming insulating layers on a wall of the trench; and 

forming a polysilicon layer in the trench having said insulating layers formed on the wall to form at least part of 
said electrical insulating region into^ajaminated structure in which said polysilicon layer is sandwiched 
between said insulating layers. 



55 



29. A circuit substrate manufacturing method according to claim 28, characterized in that said insulating layer is a 
silicon oxide film or silicon nitride film. 

30. A circuit substrate manufacturing method according to claim 25, characterized in that a silicon substrate is used 
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as said semiconductor substrate, and 

the step of forming said electrical insulating region comprises the steps of: 
forming an insulating layer on a wall of the through hole; and 
5 filling the through hole having the insulating layer formed on the wall with polysilicon. 

31 . A circuit substrate manufacturing method according to claim 30, characterized in that said insulating layer is a 
silicon oxide film or silicon nitride film. 

32. A circuit substrate manufacturing method according to claim 23, characterized in that said semiconductor sub- 
w strate has the same conductivity type and different impurity concentration distributions in a thickness direction, and 

the step of diffusing the impurity into said first region to make the first region have conductivity comprises dif- 
fusing an impurity having the same conductivity type into a portion of said first region which has a low impurity 
concentration. 

15 

33. A circuit substrate manufacturing method according to claim 23, characterized in that said semiconductor sub- 
strate has a PN junction in the thickness direction, and 

the step of diffusing the impurity into said first region to make the first region have conductivity comprises d'rf- 
.?o ^ie=^^fusing:anJmpurity in.a portion of-said first region which has one conductivity.type r the:impurity;having,the other - 
conductivity type, thereby making said first region have conductivity with said other conductivity type. 

34. A circuit substrate manufacturing method characterized by comprising the steps of: 

25 forming an electrical insulating region in a semiconductor substrate having a PN junction in a thickness direc- 

tion, having a high concentration of an impurity of one conductivity type, and having conductivity, said electrical 
insulating region being made of a heat-resistant insulating material, continuously extending from an upper sur- 
face to a lower surface of said semiconductor substrate, and being closed in a plane parallel to the surface of 
said semiconductor substrate, and separating said semiconductor substrate into first and second electrically 

30 insulated/isolated regions, said first region being surrounded by said electrical, insulating region and said sec- 

ond region being outside said electrical insulating region; and 
removing a region, of said first region, which has the other conductivity type. 



35. A circuit substrate manufacturing method characterized by comprising the steps of: 



35 



forming an electrical insulating region in one semiconductor layer having conductivity and made up of two sem- 
iconductor layers and an oxide layer formed between said semiconductor layers, said one semiconductor layer 
having a high impurity concentration to have conductivity, and said electrical insulating region being made of a 
heat-resistant insulating material, continuously extending from an upper surface of said one semiconductor 
40 layer to said oxide layer, and being closed in a plane parallel to the surface of said semiconductor substrate; 

and 

forming a contact hole in said oxide layer and the other semiconductor layer of said substrate in correspond- 
ence with a first region of said one semiconductor layer. 

45 
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